Background: Obesity is associated with osteoarthritis and the need for joint surgery. Obese patients who undergo joint surgery may have a higher risk of morbidity compared with normal or overweight patients but less is known about their risk of postoperative disability. The primary objective of our study was to determine the association between obesity and the development of new dependence in activities of daily living within 2 years after joint surgery. Methods: We obtained data from the Health and Retirement Study, a longitudinal survey of older Americans. We included participants who indicated having joint surgery for arthritis. We defined obesity as a BMI 30 kg m
developing new or worsening disability after surgery for several reasons. Obesity is associated with increased dependence and restricted function at baseline and has become one of the biggest contributors to the burden of disease and lost quality-adjusted life years. 10 Relatedly, there is a high coprevalence of conditions such as depression and chronic pain that are themselves detrimental to recovery. This elevated incidence of postoperative complications may further impair recovery and independence. Finally, postoperative services including physical therapy, home care and rehabilitation facilities that are fundamental parts of effective recovery from joint surgery may be underequipped and underprepared to deal with the increasing number of obese patients who are undergoing joint surgery.
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Understanding how obesity effects postoperative disability would allow for more informed surgical decision making and let obese patients better gauge how surgery would change their quality of life. This is especially important for caregivers of elderly obese patients where the decision to undergo surgery is difficult and information to guide decisions is scarce. As there is increasing focus on disability as a patient-centred outcome, identifying subgroups of patients that are at higher risk is an important component to improving the overall value of healthcare. Furthermore, it would facilitate appropriate allocation of postoperative resources in a healthcare system with increasing focus on cost. With the proliferation of bundle payments for joint surgery, the value of different forms of post-acute care has become an area of intense scrutiny. Therefore, the research would aim attention to a high-risk group that would require more research directed to understanding the influence of medical comorbidities on return to function and interventions to optimize care.
The University of Michigan Health and Retirement Study (HRS) is a longitudinal survey of health and ageing conducted in over 20 000 adults in the USA since 1992. The HRS offers a unique opportunity to explore how obesity affects postoperative disability, particularly in an ageing surgical population. The primary aim of our study was to define the association between obesity and the development of ADL dependence after joint surgery.
Methods
Data were obtained from HRS, which is sponsored by the National Institute on Aging and is conducted by the University of Michigan. HRS is a longitudinal panel study that surveys approximately 20 000 people in the USA over the age of 50. 12 Respondents are interviewed in clusters approximately every 2 years on a wide array of topics including health status and disability. When a respondent is unable to be interviewed, often because of cognitive or medical problems, a proxy is contacted to answer questions for that respondent. We used the RAND HRS Data file, an easy to use longitudinal data set based on the HRS data (available at http://www.rand.org/ labor/aging/dataprod/hrs-data.html). It was developed at RAND with funding from the National Institute on Aging and the Social Security Administration. 13 Respondents provided informed consent at the time of enrolment into HRS. Our analysis of public HRS data was deemed exempt from human subjects review by the University of Pennsylvania institutional review board. We obtained data from the 2004, 2006, 2008, 2010, 2012 and 2014 HRS interview clusters. We included subjects in our sample if they responded yes to the following question in HRS indicating receipt of joint surgery: 'in the last two years, have you had surgery or any joint replacement because of arthritis?' (Fig. 1 ). Respondents were excluded if they did not have a BMI reported in the interview cluster preceding the interview in which the patient reported having surgery. Our primary analysis excluded respondents who had an underweight BMI (<18.5 kg m -2 ) given that underweight patients have high rates of disability and their inclusion into the reference group might underestimate the effect of obesity; 14 however, these respondents were included in secondary analyses to determine the effect of their inclusion on the primary outcome in a sensitivity analysis. Additionally, as the primary outcome is a new or increased dependence in an ADL, we excluded patients who had complete dependence on all ADLs at baseline and therefore were unable to have the primary outcome. If respondents indicated having surgery more than once, only the first episode of surgery was used in the analysis. We restricted our study sample to HRS respondents who were alive at the time of the post-surgical interview and 
Editor's key points
Obesity is associated with increased risk of postoperative complications, and this may exacerbate ongoing disability Hip surgery had higher rates of longer-term disability when compared with knee surgery in obese patients indicated that they had joint surgery. For respondents who died, HRS conducts an exit interview with a proxy to obtain information about the deceased respondent; however, exit interviews do not ask about joint surgery prior to death, preventing identification of decedents with recent joint surgery. ). 15 
Definition of obesity

Definition of disability
During each interview, HRS interviewers ask respondents or their proxy if they have any difficulty because of a physical, mental, emotional or memory problem with each of six ADLs. The ADLs assessed in HRS include bathing, dressing, walking, toileting, eating and getting in or out of bed. If a respondent had difficulty with an ADL, HRS then asked if the respondent required help with that ADL. We defined the primary outcome as an increase in the level of dependence in one or more ADLs at the post-surgical interview compared with the pre-surgical interview. Our primary outcome includes respondents who had no dependence in an ADL at baseline and then had difficulty or required help in that ADL after surgery as well as respondents who had difficulty with an ADL at baseline and then required help after surgery. We also assessed differences between obese and non-obese respondents for each individual ADL. In a secondary analysis, we further divided ADLs into two groups based on their relation to lower extremity joint function. The ADLs that might be more dependent on successful joint function were walking and getting in or out of bed. Eating, bathing, dressing and toileting were felt to be less reliant on lower extremity joint function and were grouped separately.
HRS conducts interviews approximately every 2 years. As HRS does not contain the specific date of surgery, we were unable to determine the timing of ADL dependence following surgery. However, HRS does document the date of interview and we were therefore able to determine the time between the interview that the respondent indicated having surgery and the preceding interview to provide an approximate time frame of follow-up.
Covariates
We obtained baseline demographic and clinical covariates from the most recent interview wave before surgery. Covariates were defined based on whether the patient ever had the condition prior to surgery. Depression was measured on the 8-point Center for Epidemiological Studies-Depression (CES-D) scale. Total wealth was adjusted to 2011 values using the Consumer Price index inflation adjustment and numerical cut-offs were selected based on median values from the 2011 Census. 16 Based on HRS items, we dichotomized type of surgery into joint replacement surgery and surgery without joint replacement. Furthermore, we categorized the location of joint surgery into hip, knee or other joint, which includes small joint, shoulder and spine surgery as examples. Given the possibility that obese respondents have different types of joint surgery compared with non-obese respondents, we reported the incidence of ADL dependence by type of joint surgery.
Statistical analysis
We calculated that we would need 1442 respondents to detect a 30% increase in the incidence of a new ADL dependence in obese respondents compared with non-obese respondents with a power of 80% and a two-tailed a of 0.05. We used prior work within HRS to estimate the incidence of ADL dependence in non-obese respondents.
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Continuous variables were compared using the Wilcoxon Rank Sum test and summarized as medians with inter-quartile ranges (IQR). Categorical variables were compared by the c 2 test and summarized as number of patients with proportions. We conducted bivariable analysis to determine the association between clinical and demographic variables and ADL dependence following surgery. We then performed a stratified analysis, as planned a priori, by age and type of joint surgery. We assumed an interaction was present when the test for homogeneity between the odds ratios (ORs) for different strata yielded a significant result. For multivariable analysis, we used logistic regression. We included the type of joint surgery and the location of the operated joint as independent covariates a priori into the multivariable model if there was no statistical interaction. We also included the interview year a priori to account for potential variations over time. Additional baseline covariates with P-values <0.20 on bivariate analyses were introduced sequentially into the multivariable model and retained if their inclusion resulted in a 15% change in the OR of the association between obesity and the development of ADL dependence or if they were independent predictors of the outcome based on a P-value of <0.10.
18 Multivariable models were also developed for the association between obesity and different ADL categories. Finally, we performed additional univariable analyses to look at the change in respondent weight in pounds and the change in frequency of moderate or vigorous physical activity in the 2 years after joint surgery. The analysis of activity was limited to interview waves after 2004 because of a change in how HRS captured activity. For all calculations, a two-tailed P-value of <0.05 was considered significant. All statistical calculations were performed using STATA 12.0 (2011, StataCorp LP, College Station, TX, USA).
Results
Over the full study period, 3748 HRS subjects responded yes to having joint surgery for arthritis, and 2519 respondents met our inclusion criteria (Fig. 1) . 1140 (45.3%) respondents were obese and 1379 (54.7%) respondents were not obese. Obese respondents were more likely to have had joint replacement surgery and knee surgery than non-obese respondents (Table 1) . Obese respondents were also younger, had lower median total adjusted wealth, fewer total years of education, and a higher incidence of self-rated poor health, diabetes and hypertension. They were also more likely to have difficulty or require help with an ADL prior to surgery (Table 2) . Non-obese respondents were more likely to be white, older, reside in a nursing home and require a proxy to complete the interview. The median time between the pre-surgical to the post-surgical interview was 730 (IQR 669-792) days and there was no difference in the timing between interviews by BMI category (P¼0.33).
Within our full sample, 557 of the 2519 respondents (22.1%) developed a new or increased ADL dependence following joint surgery for arthritis. In comparison, the incidence of new or increased ADL dependence in respondents who did not indicate having joint surgery over a similar 2 year period was 13.2%. Following surgery, 289 of the 1140 obese patients (25.4%) had an increased incidence of new or increased ADL dependence compared with 268 of the 1379 non-obese patients (19.4%) on univariable analysis (P <0.001). Using multivariable analysis (Table 3) , an obese BMI was associated with a statistically significant increased risk of developing an ADL dependence following joint surgery compared with a nonobese BMI [OR 1.35 (95% CI: 1.09-1.68), P¼0.007].
The incidence of new dependence (whether having difficulty or needing help) for each ADL is shown in Table 4 . For both obese and non-obese respondents, the ADLs that had the highest incidence of dependence were dressing and walking, although there were no statistically significant differences between the two groups for an individual ADL.
In our secondary analysis, obesity was associated with increased odds of developing new or increased dependence in lower extremity ADLs (walking and getting in or out of bed) To account for potential factors in the casual pathway between obesity and ADL dependence, we assessed changes in respondent weight and the frequency of moderate or vigorous exercise in the 2 years after joint surgery compared with presurgical values. Obese respondents had a median weight loss of 0.23 (IQR -5.44 to þ2.72) pounds compared with non-obese respondents who on average had no change in weight (IQR -2.72 to þ2.27). Furthermore, we found that most obese and nonobese respondents did not change their frequency of moderate or vigorous exercise after surgery (77.6% us 75.3%, P¼0.17).
ADL dependence across BMI categories
We assessed baseline characteristics and ADL dependence across BMI categories (Supplementary Table S1 ). Morbidly obese respondents were younger, had lower median total adjusted wealth, were more likely to rate their health as fair or poor, and had higher incidences of diabetes, hypertension, pain and baseline ADL dependence. In looking at the type of joint surgery, there was no difference in the rates of joint replacement surgery between respondents with an overweight, obese or morbidly obese BMI, although these rates Relatedly, we assessed BMI as a continuous variable to account for the potential upward bias of the primary outcome that can occur when categorizing self-reported BMI. 19 In multivariable analysis, a 1kgm -2 increase in BMI was associated a 3% increased odds of developing a new or increased ADL dependence (95% CI: 2-5%, P<0.001).
ADL dependence by type of joint surgery
We looked at differences in ADL dependence by the type of joint surgery. Respondents who had joint replacement surgery had a similar incidence of ADL dependence compared with respondents who had surgery for arthritis that did not involve joint replacement (22.6% us 21.2%, respectively, P¼0.42). Additionally, we found that respondents who had hip surgery had higher incidences of ADL dependence compared with respondents who had knee surgery (26.8% us 20.5%, respectively, P¼0.02).
Sensitivity analysis
Two hundred and twenty-six respondents did not have an available pre-surgical BMI. Respondents without an available BMI had a median age of 54 yr, 42% were female and 59.7% were white. Fifty per cent underwent knee surgery and 41.2% had joint replacement surgery. Baseline ADL dependence was also not available in respondents without a reported BMI and therefore the incidence of new or increased ADL dependence after surgery could not be measured. Twenty respondents had an underweight BMI and were excluded from the primary analysis. Consistent with prior literature showing a positive correlation between being underweight and disability, we found that the incidence of new or increased ADL dependence in the underweight respondents was 40% following joint surgery. Underweight respondents were more likely to have joint replacement surgery (65%) and hip surgery (50%). We did not find that the inclusion of underweight respondents into the primary analysis significantly changed the risk of obesity on developing an ADL dependence after joint surgery [OR 1.33 (95% CI: 1.07-1.65), P¼0.01].
Discussion
In our analysis of HRS, obesity was associated with an increased risk of developing a new or increased dependence in an ADL within approximately 2 years after joint surgery compared with normal or overweight individuals. To our knowledge, this is the first study to look at the effect of obesity on ADL dependence in joint surgery.
Obese patients are becoming more likely to have joint surgery given their high rates of arthritis. 2e4 Initial research in joint replacement surgery showed that obese patients had higher rates of complications such as infection, poor wound healing, joint failure and need for surgical revision. Further studies revealed that obese patients had higher pain scores and reduced mobility postoperatively compared with normal weight counterparts. 8, 9 However, these studies have used composite outcome scores such as the Oxford Hip and Knee Scores, which aggregate assessments of pain, mobility and function and may be difficult for patients to interpret and use to make informed surgical decisions. Prior studies on joint surgery have not directly addressed ADL dependence, an important and understandable patient-centred outcome. We found that obese respondents had a higher risk of ADL dependence even after adjustment for important predictors of postoperative disability, such as diabetes, socioeconomic status, baseline ADL dependence, respondent age and type of joint surgery. Furthermore, although obese respondents were more likely to have knee surgery and joint replacement surgery, we did not find that the type of joint surgery altered the association between obesity and dependence. In fact, respondents who had knee surgery that lower incidences of ADL dependence compared with respondents who had hip surgery.
Several mechanisms may account for the observed difference in risk. Obesity is associated with chronic inflammation, which may negatively modulate the response to surgery and increase postoperative complications. 20 Obese patients undergoing joint surgery have higher rates of infection, compromised wound healing and implant failure. These complications can delay recovery and may be a potential mechanism that warrants further investigation. There may also be differences in the quality and availability of postoperative care between obese and non-obese patients, which are especially crucial for return of function following joint surgery. Acute care facilities may be underprepared to deal with the needs of obese patients given the requirement for additional equipment and supplies.
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When we looked at the primary outcome in greater depth, we found that the risk of dependence for respondents with an obese BMI was higher for lower extremity ADLs compared with non-lower extremity ADLs. Our findings are consistent with prior research, which showed that post-surgical joint function for obese patients may be worse than their normal or overweight counterparts. 8, 9 Lower extremity joint surgery (hip and knees) also represented the majority (73.6%) of our study sample. Nonetheless, we still found that, in the non-lower extremity ADLs of bathing, eating, dressing and toileting, respondents with an obese BMI also had an increased risk of dependence. It is also worth noting that the overall incidence of a new or increased dependence in these ADLs was 17.7%, which suggests that there may be substantial vulnerability after surgery, even outside of factors that affect joint function. This was especially true for respondents that required a proxy to complete the interview as they had a 43.5% incidence of new or increased dependence in non-lower extremity ADLs after joint surgery. Respondents that required a proxy had a higher baseline prevalence of memory impairment compared with respondents who did not require assistance to complete the interview (13.0% vs 1.91%). Patients with evidence of cognitive impairment at the time of surgery are an extremely susceptible population and more work is needed to determine how cognition affects postoperative recovery and independence. Additionally, we found that the proportion of respondents with any ADL dependence, not just new or increased, was lower after surgery than at baseline, which suggests an overall improvement in disability for patients who have joint surgery for arthritis. The improvement was seen for both obese and non-obese respondents and needs to be considered when making recommendations for the surgical treatment of arthritis. Notably, despite this improvement in ADL dependence, respondents did not have a clinically significant change in weight or a change in the frequency of moderate or vigorous exercise in the 2 years after surgery when compared with presurgical values.
Lastly, we found that morbidly obese respondents had a higher incidence of developing an ADL dependence even compared with obese respondents. We did not perform multivariable analysis given the small number of morbidly obese respondents. Prior research has shown that morbidly obese patients have an elevated risk of several adverse postsurgical outcomes. 6 They may be particularly vulnerable following joint surgery where mobility can be limited and influence functional recovery. This has important implications with regard to establishing appropriate recommendations for how to manage morbidly obese patients with arthritis and whether surgery should be delayed in favour of non-surgical management or more aggressive weight loss reduction through bariatric surgery. 21 Our study has several strengths. Data were used from HRS, which is a large, representative survey of adults in the USA and results are generalizable across a range of socioeconomic status, race, geography and family structure. We also used ADL dependence as our primary outcome, an important patient-centred endpoint.
There are several limitations to the study. HRS contains self-reported data, which may introduce misclassification of the exposure, outcome and/or covariates. However, prior studies using HRS have shown good correlation between selfreported BMI and physical measurements from in-person interviews. 22 Moreover, while HRS does not contain information of the date of surgery, we found no differences in the interview dates between obese and non-obese respondents. Our study sample includes different types of joint surgery. While obese respondents were more likely to have joint replacement surgery and knee surgery, we did not find that the type of surgery alerted the association between obesity and ADL dependence. Furthermore, we felt that the inclusion of different types of joint surgery would be more pragmatic and make our results have stronger external validity. While HRS does not capture information on joint surgery prior to a respondent's death, prior studies have not shown a mortality difference between obese and nonobese patients after joint surgery. 7 Finally, as we are limited to the questions asked in the HRS survey, there is the potential for confounding from unmeasured variables in addition to constraints on the generalizability of our results to other surgeries.
Summary
In this retrospective analysis of a large, population-based survey, we found that obesity was associated with an increased risk of developing an ADL dependence following joint surgery. Further study is required to understand the mechanisms of poor functional recovery in obese patients in order to design targeted interventions, effectively allocate resources and better inform patients about postoperative disability.
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